r 




Europaieches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(id EP 0 797 615 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
13.01.1999 Bulletin 1999/02 

(21) Application number: 95912372.0 

(22) Date of filing: 27.03.1995 



(51) mtci.*: C08J 3/12, A61K 9/14 

(86) International application number: 
PCT/GB95/00686 

(87) International publication number: 

WO 95/26376 (05.10.1995 Gazette 1995/42) 



(54) POLYMER MICROSPHERES AND A METHOD OF PRODUCTION THEREOF 

POLYMER-MIKROKUGELN UND VERFAHREN ZU DEREN HERSTELLUNG 
MICROSPHERES POLYMERES ET LEUR PROCEDE DE PRODUCTION 



Q 

a, 
m 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC NL 
PT SE 

(30) Priority: 28.03.1994 GB 9406094 

(43) Date of publication of application: 
01.10.1997 Bulletin 1997/40 

(73) Proprietors: 

o THE UNIVERSITY OF NOTTINGHAM 

Nottingham NG7 2RD (GB) 
o UNIVERSITY OF GENT 

9000 Gent (BE) 



(72) Inventors: 

o COOMBES, Allan, Gerald, Arthur 

West Bridford NG2 7FP (GB) 
o DAVIS, Stanley, Stewart 

Nottingham NG7 1BA (GB) 
o SCHACHT, Etienne, Honore 

B-8840 Staden (BE) 

(74) Representative: Baldock, Sharon Claire et al 
BOULT WADE TENNANT, 
27 Furnival Street 
London EC4A1PQ (GB) 



(56) References cited: 
EP-A-0134 660 
WO-A-95/03357 



EP-A- 0 291 389 



Note- Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). ^ 



Printed by Joove, 76001 PARIS (FR) 



EP 0 797 615 B1 



Description 

The invention relates to colloidal particles, particularly polymer microspheres which are suitable for biomedical 
applications and to a method of producing these microspheres. The invention also relates to a method of modifying 

5 the surface of polymer microspheres and other polymer surfaces used for clinical and diagnostic applications so that 
they are rendered more biocompatible. 

The term "microsphere'' is generally employed to describe a substantially spherical particle having a diameter in 
the range lOnm to 2mm. Particles having a diameter of less than 1u.m are sometimes called "nanospheres". Micro- 
spheres made from a very wide range of natural and synthetic polymers have been prepared and have found use in 

10 a variety of biomedical applications. They can be labelled with markers (labels or sensing devices) and transported 
through various media both in vitro and in -vivo. The labels may be chemical, fluorescent, magnetic or radio-active and 
thus they may, by appropriate sensing equipment, be observed when in use. They may be manufactured so that they 
degrade after their job is complete or they may be recovered. The sort of applications for which microspheres can be 
used are diagnostic screening, cell separation, immunoassays, studies of phagocytosis and blood flow, studies of cell 

is motility, haemoperfusion and extracorporeal therapy, drug delivery devices, targeted drug delivery, cell encapsulation, 
endovascular embolisation and vaccines. 

•A major problem associated with medical uses of polymers in general is that the natural surface characteristics of 
the polymer favour the binding of proteins. Thus, in the case of microspheres, for example, introduced into the circulatory 
system, plasma components known as opsonins bind to the surface of the microsphere and render it vulnerable to 

20 phagocytosis by macrophages and other phagocytic cells of the reticuloendothelial system. In certain in-vivo applica- 
tions of microspheres it is important to retain the microspheres in the circulatory system long enough for them to 
discharge their function. Therefore a considerable amount of research has been carried out into methods of modifying 
the surface of microspheres and other polymers suitable for medical use, so as to reduce protein uptake. 

The general approach has been to attempt to incorporate into the surface of these polymers, materials with hy- 

25 drophilic properties which will not therefore favour the uptake of proteins. For example polyethylene glycol, polyvinyl 
pyrrolidone and polyethyl oxazoline have been incorporated into commonly used biomedical polymers such as poly- 
ethylene terephthalate, polyurethanes and polymethylmethacrylate (Desai et at, Biomaterialsj12 1991, 144-153). This 
work has shown polyethylene glycol to have quite a dramatic effect in reducing protein adherence at the polymer 
surface. 

30 Apart from modifying the surface of the microsphere to reduce protein uptake other alterations in the surface 

characteristics may be desirable such as attraction of particular molecules or ligands. The surface of a microsphere 
can be afforded a desired characteristic by the grafting or adsorption of particular materials, functional groups or tar- 
geting ligands. 

There are various known methods for the preparation of polymeric microspheres and some of these include ma- 
3£ nipulation of the surface of the final product for a particular purpose. For example, they may be prepared directly by 
co-polymerisation of suitably functionalized monomers as described by Arshady in Biomaterials U No 1, 1993, 5-15. 
It is also known from US-A-4785030 and US-A-4734445 to produce microspheres with a hydrophilic surface using 
amphiphilic di-block polymers comprising a hydrophobic tail for chemical attachment to a non-water soluble core pol- 
ymer. Alternatively microspheres may be generated by dissolving a suitable polymer in a solvent, dispersing the polymer 
40 solution so formed in a second liquid immiscible with the polymer solvent so as to form a dispersed phase and a 
continuous phase and then evaporating and/or extracting the solvent from the dispersed phase to form the polymer 
microspheres. In this tatter method it is known, in order to prevent the droplets from coalescing or to control the droplet 
size, to add a surfactant material as a stabilizer to the continuous phase. This method of microsphere production is 
described by Arshady in Journal of Controlled Release T7 1991, 1-22, where polyvinylalcohol, polyvinylpyrollidone, 
45 polyoxyethylene derivatives of sorbitan fatty esters and polyoxy ethylene fatty ethers are mentioned as suitable sur- 
factant stabilizers. A similar method of microsphere production is also described in EP-A-0263490 where a high mo- 
lecular weight compound of sugar origin is used to stabilize the polymer droplets in the dispersion and to control the 
final microsphere size. 

WO-A-9503357 discloses microspheres having a range from 10nm to 2mm and which comprise a core particle of 
so a non-water-soluble polymer and an outer surface layer of a water-soluble polymer which is conjugated to polyethylene 
glycol. Notwithstanding any statement in the specification, the present invention is characterised by the non-water- 
soluble core particle being non-covalently attached to said water-soluble polymer by the polyethylene glycol moiety. 

Apart from the stabilizer other factors influence the final size of the microspheres such as the design of any vessel 
used for mixing the two solutions. In particular the size and shape of any baffles and also the stirrer speed will have 
55 an effect. 

The present inventors have developed a method of producing microspheres using a conjugate molecule which 
both stabilizes the polymer droplet during removal of the solvent from the dispersed phase and allows manipulation of 
the surface of the microspheres so that they have desirable surface characteristics for any particular application. 
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In accordance with a first aspect of the invention there is provided a microsphere having a diameter in the range 
of from iOnm to 2mm, which comprises a substantially spherical core particle of a non-water-soluble polymer and an 
outer surface layer consisting substantially of a water-soluble polymer, said water-soluble polymer being conjugated 
to polyethylene glycol(PEG), in which the non-water-soluble core particle is non-covalently attached to the water- 
s soluble polymer by the polyethylene glycol moiety. 

Preferably the non-water-soluble core particle is directly attached to the water-soluble polymer by the PEG moiety. 

In accordance with another aspect of the invention there is provided a method of producing microspheres having 
a diameter in the range from -10nm to 2mm comprising a non-water-soluble polymer and a water-soluble polymer, the 
method comprising the steps of :- 

w 

(a) forming a solution of the non -water-soluble polymer in a first solvent, said first solvent also being a solvent for 
polyethylene glycol but not for the water-soluble polymer; 

{b) forming a solution of a conjugate of polyethylene glycol (PEG) and the water-soluble polymer in a second 
is solvent, said second solvent being immiscible with said first solvent and being a non-solvent for the non-water- 

soluble polymer; 

(c) mixing the two solutions formed in steps (a) and (b) above to form a dispersion of said non-water-soluble 
polymer and 

20 

(d) evaporating and/or extracting said first solvent to form microspheres having a core of said non-water-soluble 
polymer and an outer surface layer consisting substantially of said water-soluble polymer wherein the outer layer 
is attached to the core by the polyethylene glycol moiety. 

25 it is to be understood that the first and second solvents referred to above may in fact each independently be 

mixtures of solvents provided that a dispersed phase (first solvent) and a continuous phase (second solvent) is pro- 
duced. 

In the above described method the dispersed phase consists initially of droplets of core polymer solution in a 
continuous phase of PEG/water-soluble polymer conjugate solution. The PEG which is soluble in the first solvent 
30 becomes entangled with the molecules of the core polymer effectively forming a polymer blend at the surface of the 
droplet. This leaves the water-soluble polymer, which is insoluble in the first solvent, on the outer surface of the polymer 
droplet. When the first solvent is removed, the droplets contract to form microspheres entrapping the PEG conjugate 
with the PEG providing the anchor for the conjugate to the polymer microsphere and the water-soluble polymer pro- 
truding outwards into the continous phase. 
35 The above represents a general theory as to how microspheres are formed in the method of the invention. However 

it is not discounted that the outermost layer of a microsphere so formed may include an amount of PEG while the inner 
surface layer may include an amount of the water-soluble polymer. In any event in the microspheres of the invention 
the attachment between the PEG and the non-water soluble core is substantially a physical rather than chemical one, 
the process of production involving chain entanglement and interpenetration rather than chemical reaction. Therefore 
40 the outer surface layer is not grafted onto the core. The possibility of the ether bonds of PEG forming hydrogen bonds 
with a suitable functional group on the core particle is not, however discounted. 

As discussed above microspheres are useful for a variety of biomedical applications and can be made from a 
number of polymer materials depending on the required use. For example for certain imaging techniques where the 
microspheres are fluorescent, magnetic or radio-active it may be desirable to recover the microspheres. If a non- 
45 biodegradable polymer core material is required, suitable materials might be polystyrene, polyacrylamide, polyurethane 
and its derivatives, polyolefins such as polypropylene, non-water soluble methacrylate polymers, polyamides and co- 
polymers of polyamides with for example polypropylene oxide. 

In other applications, such as drug targeting where the microsphere is required to carry an active agent to a par- 
ticular site in the human or animal body for release, a biodegradable/resorbable polymer material is preferable so that 
so it will be broken down in the body either once the job has been done or to facilitate the release of the active agent. 
Suitable biodegradable polymer core materials are polyesters such as polylactide, polyglycolide, copoly-(lactide co- 
glycolide), polyhydroxybutyrate, polycaprolactone, copolymers of lactic acid and lactone, copolymers of lactic acid and 
PEG, potyanhydrides, polyorthoesters, polyphosphazines, copolymers of hydroxybutyrate and hydroxyvalerate, poly 
(ethylene carbonate), copoly (ethylene propylene carbonate), or polyethylene. 
55 The water-soluble polymer may be selected from protein, polysaccharide and nucleic acid, whether it is natural or 

synthetically made and is conjugated to the PEG. Water-soluble synthetic polymers not falling in the above categories 
may be used such as for example, polyamidoamines, polyvinyl alcohol, polymalic acid, poly((D-hydroxyalkyl) acrylates 
and methacrylates and copolymers containing hydroxy! containing monomer units and poly(amino acids) such as poly- 
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L-glutamic acid, poly(benzyl L-glutamate) and poly-L-aspartic acid, tt is to be understood that herein the term protein 
is intended to include peptides, glycoproteins, metalloproteins, lipoproteins and subunits or fragments thereof, the term 
polysaccharide to include polymers of amino sugars, the term nucleic acid to include oligonucleotides as small as 10 
nucleotides in length and the term water-soluble polymer to include a mixture of or a conjugate of, two or more of the 

5 types of water soluble polymer listed above. Water-soluble polymers which are useful in the preparation of microspheres 
in accordance with the invention are polysaccharides such as dextran, chitosan, pectin, hyaluronic acid, cellulose, 
starch, pullulan, inulin, heparin and heparin-like synthetic polymers. 

A particularly preferred polysaccharide in a PEG/polysaccharide conjugate is dextran. It is preferable if the polysac- 
charide has a molecular weight of from 6,000 to 200,000. Further, it is envisaged that the conjugate material for use 

io in the invention could be a mixture of PEG/polysaccharide molecules comprising two or more of the preferred polysac- 
charides listed above. 

PEG/polysaccharide conjugates when used in the invention, have surfactant properties. They act as a stabilizer 
when the microspheres are formed so as to prevent coalescence and influence their final size. In addition microspheres 
having a PEG/polysaccharide conjugate attached to their surface have been shown to be unexpectedly resistant to 

is phagocytosis by cells of the reticuloendothelial system in vitro. Methods of preparing such conjugates are describes 
by Duval et al in Carbohydrate Polymers 15 1991 233-242. 

Alternatively, the method of the invention may be carried out using in the second solvent a conjugate of PEG with 
a protein having suitable properties for forming the outermost surface of a microsphere. Methods for preparing conju- 
gates of PEG and protein are known in the art and are particularly described, for example, by Nucci et al in Advances 

20 in Drug Delivery Review 6 No 2 1981, 113-151 . Further, the use of a conjugate of PEG with a nucleic acid is envisaged 
so that the microspheres might be useful in nucleic acid hybridization assays for example. 

Finally, a conjugate of PEG with a water-soluble synthetic polymer such as those described above could be used 
to produce microspheres with advantageous surface properties. 

It is preferred to use PEG having a molecular weight in the range from 300 to 1 00,000 in the PEG conjugate. 

2S For most practical purposes the microspheres of the invention will incorporate one or more additional components 

apart from the core polymer material and the PEG water-soluble polymer conjugate. For introduction into the human 
or animal body for delivery of a pharmaceutically active agent, they can be prepared with the agent incorporated therein. 
For example, the active agent can be dissolved in the first or second solvent, depending on its solubility properties, so 
that it is entrapped within the microspheres when formed. It may then be slowly released once the microspheres are 

30 introduced into the body either through the pores of the microspheres or in the case of biodegradable materials, as a 
result of breakdown of the microspheres. It is also possible to attach an active agent to the outside of the microsphere 
once formed if this is more appropriate from a drug delivery point of view. 

In addition the microspheres of the invention may be used to deliver a pharmaceutically active agent to a particular 
site or target in the body. In such a case the microsphere may be formed with the active agent incorporated therein 

35 and then have attached to the outer surface thereof, by means of a conjugate, a molecule recognised by and having 
an affinity for a particular cellular receptor in the human or animal body. Such molecules include sugar moieties or 
monoclonal antibodies. The PEG water-soluble polymer conjugate in this case may act as a spacer molecule enabling 
immobilization of other molecules to the microsphere surface or the water-soluble polymer may itself be the affinity 
molecule. 

40 The microspheres of the invention can also be used for the preparation of a vaccine if an antigenic material is 

incorporated therein. Microspheres are also useful in biomedical imaging procedures if a substance, such as a fluo- 
rescent, magnetic, radio-active or other detectable material, is incorporated into or onto the microsphere either during 
or after formation as discussed above. 

In carrying out the method of the invention for forming microspheres, the first solvent is either evaporated or ex- 
45 tracted or possibly a combination of both procedures. Partial evaporation may be effected by applying reduced pressure. 

A colloidal polymer particle will fall within the definition of a microsphere if it has a diameter in the range of from 
10nm to 2mm. However microspheres with a diameter of greater than 150u/n are not really suitable for injectable 
preparations. Nevertheless they may be used for alternative methods of administration such as oral administration. 
The choice of first and second solvent will depend on the polymer core material. Generally however the second 
so solvent for the PEG conjugate is water and the first solvent is generally immiscible with water but capable of dissolving 
both the non-water-soluble core polymer and PEG. The first solvent may be selected from dichloromethane chloroform, 
xylene and dioxane. Mixtures of these solvents with acetone or ethyl acetate are also useful in carrying out the method 
of the invention. 

It will be appreciated that the properties of other polymer surfaces, not necessarily microspheres, having a bio- 
55 medical application, can be modified by adding a PEG/water-soluble polymer conjugate as described herein. 

Therefore in accordance with a third aspect of the invention there is provided a method of altering the surface 
characteristics of a material or device comprising a non-water-soluble polymer which method comprises attaching to 
the surface of said material or device a conjugate of polyethylene glycol and water-soluble polymer wherein said con- 
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jugate is orientated such that the polyethylene glycol is anchored to said surface and said water-soluble polymer forms 
substantially all of the outermost layer. 

The surface characteristics of a solid polymeric material or device may be altered in accordance with this third 
aspect of the invention by firstly dispersing the PEG/water-soluble polymer conjugate in a mixture of water and an 

s organic solvent such as, for example, acetone or dichloromethane and then immersing the material or device in the 
dispersion for a set time to allow softening of the surface and interpenetration and entanglement of the PEG chains 
with the molecules of the polymer substrate. The material or device is then removed from the dispersion and allowed 
to dry or alternatively, immersed in water to cause substrate hardening and entrapment of the conjugate whereby the 
PEG provides the anchor for the water-soluble polymer on the outer surface. A device with a modified surface is the 

10 result. 

The invention will now be described with reference to the following examples in which: - 

Examples 1 to 6 are comparative, demonstrating the absence of production of microspheres by the solvent evap- 
oration method, where PEG or the polysaccharide dextran are used alone; 
is Examples 7 to 11 describe production of microspheres in accordance with the invention and demonstrate that 

microsphere size and polydispersivity can be varied by altering the composition of the PEG/dextran conjugate and 
the solvent system for the core polymer; 

Examples 12 and 13 are concerned with stability testing of microspheres in accordance with the invention using 
a flocculation test and indicate a change in surface characteristics of PLG microspheres when prepared by the 
20 method of the invention; 

Example 15 gives the results of a static secondary ion mass spectroscopy (SSI MS) study on microspheres made 
in accordance with the invention and Example 16 demonstrates the jn vitro resistance to phagocytosis by rat 
Kupffer cells of microspheres made in accordance with the invention. 

25 Example 1 (Comparative) 

10 ml of a 5% solution of 75:25 poly(DL tactide co-glycolide) (PLG) copolymer (MW 17.000, RG 755, Boehringer) 
in dichloromethane (DCM) were added over 2 minutes to 20 ml of a 10% aqueous solution of Dextran (MW 70,000, 
Pharmacia) which was stirred at B000 rpm with a Silverson homogeniser. Stirring was continued for a further 4 minutes. 
30 The suspension was agitated overnight at room temperature and normal pressure to evaporate solvent. 

Only a greyish, globular slick was obtained on the beaker base. No suspension of microspheres was obtained. 

Example 2 (Comparative) 

35 The above experiment was repeated using a series of Dextran solutions of molecular weight 11 ,000 1 9,600, 39,000 

72,600 and 162,000 respectively The observations are as stated in Example 1. 

Example 3 (Comparative) 

40 The procedure described in Example 1 was repeated but an aqueous solution of polyethylene glycol) PEG of 

molecular weight 20,000 was used instead of Dextran as the continous phase. 

Within 1 hour of the start of magnetic stirring to evaporate solvent, phase separation occurred. A stable microsphere 
suspension was not obtained under these conditions. 

45 Example 4 (Comparative) 

The procedure described in Example 1 was repeated with aqueous solutions of 8,000 MW PEG and 100,000 MW 
polyethylene oxide) (PEO) respectively. Rapid phase separation occurred after termination of the high speed stirring 
stage. After 16 hours of magnetic stirring, a polymer film had formed on the surface of the remaining liquid. 

50 

Example 5 (Comparative) 

10 ml of a 5% solution of PLG in a 50:50 solvent mixture of acetone and DCM were added over 1 minute to 20 ml 
of a 10% aqueous solution of PEG (20,000 MW) which was stirred at 10,600 rpm. Stirring was continued for a further 
55 4 minutes. 

Phase separation occurred within 30 minutes of the start of magnetic stirring to evaporate solvent. Film formation 
was observed after 16 hours. No particle suspension was obtained. 
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Example 6 (Comparative) 



The procedure of Example 5 was repeated using a 10% aqueous solution of 70,000 MW Dextran as the continuous 
phase. The observations were as described in Examples 1 and 2. 

Example 7 



10 



15 



2.5 ml of a 2% solution of PLG in a 50:50 mixture of acetone and DCM were added over 30 seconds to 5 ml of a 
5% aqueous solution of PEG-Dextran (PEG-DEX) conjugate which was stirred at 8000 rpm. Stirring was continued for 
a further 4 minutes. The resulting suspension was stirred with a magnetic stirrer overnight to remove solvent. The 
microsphere suspension obtained was stable. Microspheres were harvested by centrifuging at 10,000 rpm followed 
by resuspension in distilled water a total of 3 times. 

The PEG-DEX conjugate was synthesised from 40,000 MW Dextran, 750 MW PEG and the degree of PEG sub- 
stitution was 4%. 

The size of the resulting microspheres was measured by photon correlation spectroscospy and the results are 
presented in Table 1 . This particular sample showed high polydispersity and a large spread in particle size. 



20 
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Example 6 

The experiment described in Example 7 was repeated using a 1.4% PEG substituted PEG-Dextran conjugate. 
The molecular weight of the PEG component was 5000, the MW of the Dextran component was 40,000. 

The size and polydispersity of the resulting microspheres are listed in Table 1 and reveal both a reduction in size 
and improvements in polydispersity relative to the PEG-Dextran conjugate used in Example 7. (4% PEG subst, 750 
MW PEG). 

Example 9 



The experiment described in Example 7 was repeated using a PEG-Dextran conjugate with a 9% PEG substitution. 
The microsphere size, shown in Table 1, was found to be increased and the polydispersity of the sample was worse 
30 when the more highly substituted conjugate was used for microsphere preparation. 

Example 1 0 



35 



40 



45 



The experiment described in Example 7 was repeated using a PEG-Dextran conjugate with a 1 .2% PEG substi- 
tution. The stirring speed was approximately 7000 rpm. Microsphere size is shown in Table 1. 

Table 1 



PLG microsphere size obtained using PEG-Dextran conjugate stabilisers and a mixed solvent system. 



Example 


PEG subst 


PEG MW 


Dextran MW 


Particle size 


Polydispersity 


7 


4 


750 


40,000 


2.4 + 0.9 u/n 




8 


1.4 


5000 


40,000 


389.0 ± 11.9 nm 


0.3±0.1 


9 


9 


5000 


40,000 


681.1 ±36.1 


0.5 ±0.1 


10 


1.2 


5000 


40,000 


481.0 ±25.0 


0.3±0.1 


11* 


1.2 


5000 


40,000 


1041.2±91.2 


0.8 ±0.1 



* DCM used as the solvent for PLG 
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Example 1 1 

The experiment described in Example 7 was repeated but the PLG copolymer was dissolved only in DCM. This 
resulted in a marked increase in size and polydispersity of the resulting microspheres relative to those obtained using 
a 50:50 acetone: DCM mixture. (Table 1 ). 



55 Example 12 

The relative stability of dispersion of microspheres to added salt (flocculation testing) provides a simple means of 
characterising the surface of colloidal particles and gives information on the effectiveness of various stabilising moieties. 
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Differences in behaviour are generally explained in terms of a stronger reduction in the solvency of the stabiliser in the 
dispersion medium due to differences in molecular structure, molecular conformation, chain packing density and sur- 
face coverage of the stabilising moiety. . . 

The stability of PLG microspheres produced using PEG-Dextran conjugates is summarised in Table 2 in terms of 
the molar concentration of NaCI required to produce flocculation in microsphere suspensions. PLG microspheres (1 60 
nm in diameter) produced without surfactant were used as a control. 

Table 2 



Flocculation testing of PEG-Dextran stabilised PLG microspheres 


Example 


PEG subst (%) 


PEG MW 


Dextran MW 


Particle size (nm) 


NaCI cone, tor flocculation (M) 


PLG 








160 


0.01 


9 


9 


5000 


40,000 


661 


4 


10 ■ 


1.2 


5000 


40,000 


481 


1 


11* 


1.2 


5000 


40,000 


1041 


2 



10 



15 



'""dCM used as the solvent for PLG 
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30 



35 



40 



Example 1 3 

Surfactant-free PLG microspheres of approximately 160 nm diameter were incubated overnight in a 1% aqueous 
solution of PEG-Dextran conjugate (1 .2% PEG subst., PEG MW 5000). 

The stabiliser-free microspheres and those incubated in PEG-Dextran solution were found to flocculate rapidly 
and extensively on addition of phosphate buffered saline solution (pH 7.4, 0.137 M NaCI). 

All PEG-DEX stabilised PLG systems were stable in phosphate buffered saline. 

Example 14 

Zeta potential measurements are presented in Table 3 for PLG microspheres produced as described in Example 
10. Surfactant-free PLG microspheres (160 and 740 nm average diameter) were included as controls. Measurements 
were performed in pH 7.0, 50 mM phosphate buffer 

Table 3 



System 


PEG subst. (%) 


PEG MW 


Dextran MW 


Particle size (nm) 


Zeta potential (mV) 


PLG 








740 


•22.8 ± 0.8 


PLG 








160 


-23.4 ±2.0 


10 


1.2 


5000 


40,000 


481 


•8.5 ± 0.2 . 



A decrease in the Zeta potential for PEG-Dextran stabilised PLG microspheres relative to surfactant-free micro- 
spheres is evident, indicating surface modification by PEG-Dextran molecules. 



45 
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Example 15 

Static secondary ion mass spectroscospy (SSIMS) studies have been carried out on 1) PEG-Dextran conjugates 
2) surfactant-free PLG microspheres 3) PEG and 4) PLG microspheres stabilised by PEG-Dextran conjugates. While 
the SSIMS spectra may not be considered quantitative, the changes in the relative intensities of the ions within the 
SSIMS spectra have been shown to reflect composition in a semi-quantitative way. 

The peak at m/z 45 in the positive ion spectrum is strong in PEG and in PLG and weak in Dextran. This same peak 
is dominant in the SSIMS spectrum of PEG-DEX conjugates (Table 4). The peak at m/z 53 is strong in Dextran, present 
in PLG and extremely weak in PEG (Table 4). 

The 53/45+53 peak ratios presented in Table 4 reveals the contribution of Dextran to the PEG-Dextran spectrum 
through the increased presence of m/z 53 ions characteristic of Dextran. 



55 
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Table 4 



5 


Peak height ratios for PLG microspheres stabilised with PEG-Dextran conjugates and component polymers. 


System 


Example 


53/45+53 




PEG 




0.008 




PEG-DEX(1.4%subst.) 




0.04 




PEG-DEX(9%subst.) 




0.02 


10 


PLG/P-D (1.4% subst.) 


8 


0.22 




PLG/P-D (9% subst.) 


9 


0.18 




PLG microspheres (surfactant free) 




0.5 


1S 


Dextran 




0.6 



The peak ratios in Table 4 reflect the increasing prominence of the m/z 53 ion in the SSI MS spectrum of PEG- 
Dextran stabilised microspheres relative to the conjugate. This cannot be assigned unequivocally to increased surface 
exposure of Dextran because of the presence of the same ions in the SSI MS spectrum of PLG. Surface modification 
20 of PLG microspheres by PEG-Dextran ishowever indicated. 



Example 1 6 

PLG microspheres of approximately 1 50 nm diameter were prepared using a nanoprecipitation method (Fessi, H., 
Devissaguet, J. P. Puiseux, F., Thies, C, Procede de preparation de systemes colloideum dispersibles d'une substance 
sous forme de nanoparticles. Centre National de la Recherche Scientifique (CNRS), Patent Application filed 31st De- 
cember 1 986, Application No 2,608,988) in the presence of PEG-Dextran conjugate as a surface modifier (1 .4% PEG 
subst., PEG MW 5000, Dextran MW 40,000). In-vitro studies of particle interaction with isolated rat Kupffer cells gave 
the following results. 



Table 5 



System 


% uptake of paticles 


Absence of serum 


Presence of serum 


Unmodified PLG particles 
PEG-Dex modified PLG 


77.0 ±2.1 
5.5 ±0.9 


31 .6 ±4.6 
1.9 ±0.4 



Modification of PLG nanoparticles with PEG-Dextran conjugates reduces their uptake by phagocytic cells in-vitro 
and could reduce sequestration of colloidal particles by the cells of the reticuloendothelial system in-vivo. Improvements 
in drug delivery and drug targeting could result. 

Claims 

1 . A microsphere having a diameter in the range from 1 0nm to 2mm, which comprises a substantially spherical core 
particle of a non-water-soluble polymer and an outer surface layer consisting substantially of a water-soluble pol- 
ymer, said water-soluble polymer being conjugated to polyethylene glycol, wherein said non-water-soluble core 
particle is non-covalently attached to said water-soluble polymer by the polyethylene glycol moiety. 

2. A microsphere as claimed in claim 1 wherein said non-water-soluble polymer is biodegradable or resorbable. 

3. A microsphere as claimed in claim 2 wherein said biodegradable/resorbable non- water-soluble polymer is a pol- 
yester such as polylactide, polyglycolide, copoly(lactide co-glycolide), poly hydroxy buty rate, polycaprolactone, a 
copolymer of lactic acid with lactone, a copolymer of lactic acid and PEG polyanhydride, polyorthoester, polyphos- 
phazine, a copolymer of hydroxybuterate and hydroxyvaterate, poiy(ethylene carbonate) copoly (ethylene propyl- 
ene carbonate), polyethylene terephalate, polyalkylcyanoacrylate or a mixture of two or more thereof. 

v. 
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4. A microsphere as claimed in claim 1 wherein said non-water-soluble polymer is selected from polystyrene, poly- 
acrylamide, polyurethane and its derivatives, polyolefin, non-water soluble methacrylate polymers, polyamide and 
copolymers of polyamide optionally with polypropylene oxide. 

s 5. A microsphere as claimed in any preceding claim wherein said water-soluble polymer is a protein, polysaccharide 
or nucleic acid. 

6. A microsphere as claimed in any preceding claim wherein said water-soluble polymer is a synthetic polymer. 

10 7. A microsphere as claimed in claim 6 wherein said water-soluble polymer is selected from polyamidoamines, pol- 
yvinyl alcohol, polymalic acid, poly (o>-hydroxyalkyl) acrylates and methacrylates and co-polymers containing hy- 
droxyl containing monomer units and poly(amino acids) such as poly-L-glutamic acid, poiy(benzyl L-glutamate) 
and poly L-aspartic acid. 

is 8. A microsphere as claimed in claim 5 or claim 6 wherein said water-soluble polymer is a polysaccharide selected 
from dextran, chitosan, pectin, hyaluronic acid, cellulose, starch, pullulan, inulin, heparin and heparin-like synthetic 
polymer. 

9. A microsphere as claimed in claim 5 or claim 6 wherein said water-soluble polymer is a glycoprotein. 

20 

10. A microsphere as claimed in any preceding claim wherein the molecular weight of the polyethylene glycol is in the 
range from 300 to 1 00 ,000. 

11. A microsphere as claimed in claim 8 wherein the molecular weight of the polysaccharide is in the range from 6,000 
25 to 200,000. 

12. A microsphere as claimed in any preceding claim which includes a pharmaceutical ly active agent. 

13. A microsphere as claimed in claim 12 which has attached to the surface thereof a molecule recognised by and 
30 having an affinity for a cellular receptor in the human or animal body. 

14. A microsphere as claimed in any one of claims 1 to 11 which includes an antigenic material. 

15. A microsphere as claimed in any one of claims 1 to 11 which includes a material which is detectable by a biomedical 
35 imaging procedure. 

16. A pharmaceutical composition which comprises a plurality of microspheres as claimed in claim 1 2 or claim 1 3 and 
a pharmaceutical^ acceptable carrier or diluent. 

40 17. A vaccine which comprises a plurality of microspheres as claimed in claim- 14 and a pharmaceutical^ acceptable 
carrier or diluent. 

18. A method of producing microspheres having a diameter in the range of 10nm to 2mm comprising a non-water- 
soluble polymer and water-soluble polymer, the method comprising the steps of> 

45 

(a) forming a solution of the non-water-soluble polymer in a first solvent, said first solvent also being a solvent 
for polyethylene glycol but not for the water-soluble polymer; 

(b) forming a solution of a conjugate of polyethylene glycol and the said water-soluble polymer in a second 
so solvent, said second solvent being immiscible with said first solvent and being a non-solvent for the non-water- 
soluble polymer; 

(c) mixing the two solutions formed in steps (a) and (b) above to form a dispersion of said non-water-soluble 
polymer; and 

55 

(d) evaporating and/or extracting said first solvent to form microspheres having a core of said non-water- 
soluble polymer and an outer surface layer consisting substantially of said water-soluble polymer wherein the 
outer layer is non-covalently attached to the core by the polyethylene glycol moiety. 



9 



EP0 797 615 B1 



19. A method as claimed in claim 18 wherein partial evaporation of said first solvent is effected by applying reduced 
pressure. 

20. A method as claimed in claim 18 or claim 1 9 wherein said non -water-soluble polymer is selected from polystyrene, 
polyacrylamide, polyurethane and its derivatives, polyolefin, non-water soluble methacrytate polymers, polyamide 
and copolymers of polyamide optionally with polypropylene oxide. 

21. A method as claimed in claim 1B or claim 19 wherein said non-water-soluble polymer is a biodegradable or re- 
sorbable polyester such as poly lactide, potyglycolide, copoly(lactide co-gtycolide), polyhydroxybutyrate, polycapro- 
lactone, a copolymer of lactic acid with lactone, a copolymer of lactic acid with PEG, polyanhydride, polyorthoester, 
polyphosphazine, a copolymer of hydroxybuterate and hydroxyvalerate, poly(ethylene carbonate) copoly(ethylene, 
propylene carbonate), polyethylene terephthalate, polyalkylcyanoacrylate or a mixture of two or more thereof. 

22. A method as claimed in any one of claims 1 8 to 21 wherein said water-soluble polymer is a protein, polysaccharide 
or nucleic acid. 

23. A method as claimed in any one of claims 18 to 22 wherein said water-soluble polymer is a synthetic polymer. 

24. A method as claimed in claim 23 wherein said water soluble polymer is selected from polyamidoamines, polyvinyl 
alcohol, polymalic acid, poly(a>-hydroxylalkyl) acrylates or methacrylates and copolymers containing hydroxyl con- 
taining monomer units and poly(amino acids) such as poly-L-glutamic acid poly(benzyl-L-glutamate) and poly-L- 
aspartic acid. 

25. A method as claimed in claim 22 or claim 23 wherein the polysaccharide is selected from dextran, chitosan, pectin, 
hyaluronic acid, cellulose, starch, pullulan, inulin, heparin and heparin-like synthetic polymer. 

26. A method as claimed in any one of claims 18 to 25 wherein said first solvent is selected from dichloromethane, 
chloroform, xylene and dioxane or a mixture of the solvents with acetone or ethyl acetate. 

27. A method as claimed in any one of claims 18 to 26 wherein said second solvent is water. 

28. A method as claimed in any one of claims 1 8 to 27 wherein the molecular weight of the polyethylene glycol is in 
the range from 300 to 100,000. 

29. A method as claimed in any one of claims 22 to 28 wherein the molecular weight of the polysaccharide is in the 
range from 6,000 to 200,000. 

30. A method as claimed in any one of claims 18 to 29 wherein said first solvent or said second solvent or both has 
dissolved or dispersed therein a pharmaceutical^ active agent. 

31. Use of a conjugate of polyethylene glycol with a water-soluble polymer for the stabilization of droplets formed by 
dispersing a solution of a non -water-soluble polymer material in an immiscible liquid. 

32. A method of altering the surface characteristics of a material or device comprising a non-water-soluble polymer 
which method comprises attaching to the surface of said material or device a conjugate of polyethylene glycol and 
a water-soluble polymer wherein said conjugate is orientated such that the polyethylene glycol is anchored to said 
surface and said water-soluble polymer forms substantially all of the outermost layer. 



Patentanspruche 

1 . Mikrosphare mit einem Durchmesser im Bereich von 10 nm bis 2 mm, welche einen im wesentlichen spharischen 
Kernpartikel eines wasserunloslichen Polymers und einer aufceren Oberflachenschicht, die im wesentlichen aus 
einem wasserloslichen Polymer besteht, umfaGt, wobei das wasserlosliche Polymer mit Polyethylenglykol konju- 
giert ist, worin der wasserunlosliche Kernpartikel nicht kovalent an das wasserlosliche Potymer.durch die Polye- 
thylenglykolgruppe gebunden ist. 

2. Mikrosphare nach Anspruch 1 , worin das wasserunlosliche Polymer biologisch abbaubar oder resorbierbar ist. 
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3. Mikrosphare nach Anspruch 2, worin das biologisch abbaubare/resorbierbare wasserunlosliche Polymer ein Po- 
lyester ist, wie etwa Polylactid, Polygtycolid, Copoly(lactidco-glycolid), Polyhydroxybutyrat, Polycaprolacton, ein 
Copolymer aus Milchsaure mit Lacton, ein Copolymer aus Milchsaure und PEG, Polyanhydrid, Polyorthoester, 
Polyphosphazin, ein Copolymer aus Hydroxybutyrat und Hydroxyvalerat, Poly(ethylencarbonat)copoly(ethylen- 
propyiencarbonat), Polyethylenterephthalat, Polyalkylcyanoacrylat oder einem Gemisch von zweien oder mehre- 
ren davon. 

4. Mikrosphare nach Anspruch 1 , worin das wasserunlosliche Polymer ausgewahlt ist aus Polystyrol, Polyacrylamid, 
Polyurethan und seinen Derivaten, Polyolefin, wasserunloslichen Methacrylatpolymeren, Polyamid und Copoly- 
meren von Polyamid, gegebenenfalls mit Polypropylenoxid. 

5. Mikrosphare nach einem der vorhergehenden Anspruche, worin das wasserlosliche Polymer ein Protein, ein Po- 
lysaccharid oder eine Nukleinsaure ist. 

6. Mikrosphare nach einem der vorhergehenden Anspruche, worin das wasserlosliche Polymer ein synthetisches 
Polymer ist. 

7. Mikrosphare nach Anspruch 6, worin das wasserlosliche Polymer ausgewahlt ist aus Polyamidoaminen, einem 
Polyvinylalkohol, einer Polyapfelsaure, Poly(w-hydroxyalkyl)acrylaten und Methacrylaten und Copolymeren, die 
hydroxylhattige Monomereinheiten enthalten und Poly(aminosauren), wie etwa Poiy-L-glutaminsaure, Poly(ben- 
zyl-L-glutamat) und Poly-L-asparaginsaure. 

8. Mikrosphare nach Anspruch 5 oder Anspruch 6, worin das wasserlosliche Polymer ein Polysaccharid ist, ausge- 
wahlt aus Dextran, Chitosan, Pektin, Hyaluronsaure, Cellulose, Starke, Pullulan, Inulin, Heparin und Heparin ahn- 
lichem synthetischen Polymer. 

9. Mikrosphare nach Anspruch 5 oder Anspruch 6, worin das wasserlosliche Polymer ein Glycoprotein ist. 

10. Mikrosphare nach einem der vorhergehenden Anspruche, worin das Molekulargewicht des Polyethylenglykols im 
Bereich von 300 bis 100.000 liegt. 

11. Mikrosphare nach Anspruch 8, worin das Molekulargewicht des Polysaccharids im Bereich von 6000 bis 200.000 
liegt. 

12. Mikrosphare nach einem der vorhergehenden Anspruche, welche ein pharmazeutisch aktives Mittel enthalt. 

13. Mikrosphare nach Anspruch 12, auf deren Oberflache sich ein Molekul befindet, das erkannt wird durch und eine 
Affinitat hat fur einen zellularen Rezeptor im menschlichen oder tierischen Korper. 

14. Mikrosphare nach einem der Anspruche 1 bis 11, welche ein antigenes Material enthalt. 

15. Mikrosphare nach einem der Anspruche 1 bis 11, welche ein Material enthalt, das durch ein btomedizinisches 
Abbiidungsverfahren nachweisbar ist. 

16. Pharmazeutische Zusammensetzung, die eine Vieltalt von Mikrospharen gemaB Anspruch 12 oder 13 und ein 
pharmazeutisch vertragliches Trager- oder Verdunnungsmittel umfaBt. 

17. Impfstoff, welcher eine Vielzahl von Mikrospharen gemaB Anspruch 14 und ein pharmazeutisch vertragliches Tra- 
ger- oder Verdunnungsmittel umfaBt 

18. Verfahren zur Herstellung von Mikrospharen mit einem Durchmesser im Bereich von 10 nm bis 2 mm, umfassend 
ein wasserunlosliches Polymer und ein wasserlosliches Polymer, wobei das Verfahren die Schritte umfaBt: 

(a) Bilden einer Losung des wasserunloslichen Polymers in einem ersten Losungsmittel, wobei das erste 
Losungsmittel auch ein Losungsmittel fur Polyethylenglycol, aber nicht fur das wasserlosliche Polymer, ist, 

(b) Bilden einer Losung eines Konjugats aus Polyethylenglykot und dem wasserloslichen Polymer in einem 
zweiten Losungsmittel, wobei das zweite Losungsmittel nicht mischbar ist mit dem ersten Losungsmittel und 
kein Losungsmittel fur das wasserunlosliche Polymer ist, 
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(c) Mischen der zwei Losungen, die in den obigen Schritten (a) und (b) gebildet wurden, um eine Dispersion 
aus wasserunloslichem Polymer zu bilden; und 

(d) Verdamplen und/oder Extrahieren des ersten Losungsmittels, um Mikrospharen zu bilden, die einen Kern 
aus dem wasserunloslichen Polymer und eine auBere Oberflachenschicht haben, die im wesentlichen aus 
dem wasserlosiichen Polymer besteht, worin die auBere Schicht nicht kovalent an den Kern durch die Polye- 
thylenglykolgruppe gebunden ist. 

19. Verfahren nach Anspruch 18, worin teilweises Verdampfen des ersten Losungsmittels durch Anlegen von vermin- 
dertem Druck bewirkt wird. 

20. Verfahren nach Anspruch 18 oder Anspruch 19, worin das wasserunlosliche Polymer ausgewahlt wird aus Poly- 
styrol, Polyacrylamid, Polyurethan und seinen Derivaten, Polyolefin, wasserunloslichen Methacrylatpolymeren, 
Polyamid und Copolymeren von Polyamid, gegebenenfalls mit Polypropylenoxid. 

21. Verfahren nach Anspruch 18 oder 19, worin das wasserunlosliche Polymer ein biologisch abbaubarer oder resor- 
bierbarer Polyester ist wie etwa ein Polylactid, Polyglycolid, Copoly(lactidco-glycolid), Potyhydroxybutyrat, Poty- 
caprolacton, ein Copolymer aus Milchsaure mit Lacton, ein Copolymer aus Milchsaure und PEG, Polyanhydrid, 
Polyorthoester, Potyphosphazin, ein Copolymer aus Hydroxybutyrat und Hydroxyvalerat, Poly(ethylencarbonat) 
copoly(ethylenpropyiencarbonat), Polyethylenterephthalat, Polyalkylcyanoacryiat oder einem Gemisch von zwei- 
en oder mehreren davon. 

22. Verfahren nach einem der Anspruche 1 8 bis 21 , worin das wasserlosliche Polymer ein Protein, ein Polysaccharid 
oder eine Nukletnsaure ist. 

23. Verfahren nach einem der Anspruche 18 bis 22, worin das wasserlosliche Polymer ein synthetisches Polymer ist. 

24. Verfahren nach Anspruch 23, worin das wasserlosliche Polymer ausgewahlt wird aus Polyamidoaminen, einem 
Polyvinylalkohol, einer Potyapfelsaure, Poly(w-hydroxyalkyl)acrylaten oder Methacrylaten und Copolymeren, die 
hydroxylhattige Monomereinheiten enthalten und Poly(aminosauren), wie etwa Poly-L-glutaminsaure, Poly(ben- 
zyl-L-glutamat) und Poly-L-asparaginsaure. 

25. Verfahren nach Anspruch 22 oder Anspruch 23, worin das Polysaccharid ausgewahlt wird aus Dextran, Chitosan, 
Pektin, Hyaluronsaure, Cellulose, Starke, Puliulan, Inulin, Heparin und Heparin ahniichemsynthetischen Polymer. 

26. Verfahren nach einem der Anspruche 1 8 bis 25, worin das erste Losungsmittel ausgewahlt wird aus Dichlormethan, 
Chloroform, Xylol und Dioxan oder einem Gemisch der Losungsmittel mit Aceton oder Ethylacetat. 

27. Verfahren nach einem der Anspruche 18 bis 26, worin das zweite Losungsmittel Wasser ist. 

28. Verfahren nach einem der Anspruche 18 bis 27, worin das Molekulargewicht des Polyethylenglykols im Bereich 
von 300 bis 100.000 liegt. 

29. Verfahren nach einem der Anspruche 22 bis 28, worin das Molekulargewicht des Potysaccharids im Bereich von 
6000 bis 200.000 liegt. 

30. Verfahren nach einem der Anspruche 18 bis 29, worin das erste Losungsmittel oder das zweite Losungsmittel 
oder beide darin gelost oder dispergiert ein pharmazeutisch aktives Mittel aufweisen. 

31. Verwendung eines Konjugats aus Polyethylenglykol mit einem wasserlosiichen Polymer zur Stabilisierung von 
Tropfchen, die gebildet werden durch Dispergieren einer Losung eines wasserunloslichen Polymermaterials in 
einer nicht mischbaren Russigkeit. 

32. Verfahren zur Veranderung der Oberflachencharakteristika eines Materials oder einer Vorrichtung, umfassend ein 
wasserunlosliches Polymer, wobei das Verfahren das Anbringen eines Konjugats aus Polyethylenglykol und einem 
wasserlosiichen Polymer an die Oberflache des Materials oder der Vorrichtung umfaBt, wobei das Konjugat derart 
orientiert ist, daB das Polyethylenglykol auf der Oberflache verankert ist und daB das wasserlosliche Polymer im 
wesentlichen die Gesamtheit der auBersten Schicht bildet. 
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Revendications 

1 Microsphere ayant un diametre compris dans I'intervalle de 10 nm a 2 mm, qui comprend une particule centrale 
essentiellement spherique constitute d'un polymere non hydrosoluble et une couche de surface exterieure con- 
sistant essentiellement en un polymere hydrosoluble, ledit polymere hydrosoluble etant conjugue a du polyethy- 
lenegtycol, dans laquelle ladite partie centrale non hydrosoluble est fixee de maniere non covalente audit polymere 
hydrosoluble par le groupement polyethyleneglycol. 

2. Microsphere suivant la revendication 1 , dans laquelle le polymere non hydrosoluble est biodegradable ou resor- 
bable. 

3. Microsphere selon la revendication 2, dans laquelle le polymere non hydrosoluble biodegradable/resorbable est 
un polyester tel qu'un polylactide, un polyglycolide, un copoly(lactide-co-glycolide), un polyhydroxybutyrate, une 
polycaprolactone, un copolymere d'acide tactique et d'une lactone, un copolymere d'acide lactique et de PEG, un 
polyanhydride, un polyorthoester, une polyphosphate, un copolymere d'hydroxybutyrate et d'hydroxyvalerate, 
un polycarbonate Methylene), un copoly(ethylene-carbonate de propylene), un polymere de terephtalate Methy- 
lene, un polymere de cyanoacrylate d'alkyle ou un melange de deux ou plus de deux d'entre eux. 

4. Microsphere suivant ta revendication 1 , dans laquelle le polymere non hydrosoluble est choisi entre un polystyrene, 
un polyacrylamide, un polyurethanne et ses derives, une polyolefine, des polymeres de methacrylate non hydro- 
solubles, un poiyamide et des copolymers de polyamide lacultativement avec un polymere d'oxyde de propylene. 

5. Microsphere suivant I'une quelconque des revendications precedentes, dans laquelle le polymere hydrosoluble 
est une proteine, un polysaccharide ou un acide nucleique. 

6. Microsphere suivant I'une quelconque des revendications precedentes, dans laquelle le polymere hydrosoluble 
est un polymere synthetique. 

7 Microsphere suivant la revendication 6, dans laquelle le polymere hydrosoluble est choisi entre des polyamido- 
amines, un polymere d'alcool vinylique, un polymere d'acide malique, des poly(o>-hydroxylalkyl)-acrylates et -me- 
thacrylates et des copolymers contenant des motifs monomeriques a fonction hydroxyle ainsi que des poly(ami- 
noacides) tels qu'un polyacide-L-glutamique, un poly(L-glutamate de benzyle) et un polyacide L-aspartique. 

8 Microsphere suivant la revendication 5 ou la revendication 6, dans laquelle le polymere hydrosoluble est un poly- 
saccharide choisi entre le dextrane, le chitosane, la pectine, I'acide hyaluronique, la cellulose, I'amidon, le pullu- 
lane, I'inuline, l'h6parine et un polymere synthetique analogue a I'heparine. 

9. Microsphere suivant la revendication 5 ou la revendication 6, dans laquelle le polymere hydrosoluble est une 
glycoproteine. 

10. Microsphere suivant I'une quelconque des revendications precedentes, dans laquelle le poids moleculaire du po- 
lyethyleneglycol est compris dans I'intervalle de 300 a 100 000. 

11. Microsphere suivant la revendication B, dans laquelle le poids moleculaire du polysaccharide est compris dans 
I'intervalle de 6000 a 200 000. 

12. Microsphere suivant I'une quelconque des revendications precedentes, qui comprend un agent pharmaceutique- 
ment acceptable. 

13. Microsphere suivant la revendication 12, qui porte fixee a sa surface une molecule reconnue par, et ayant une 
affinite pour, un recepteur cellulaire dans I'organisme d'un homme ou d'un animal. 

14. Microsphere suivant I'une quelconque des revendications 1 a 11 , qui comprend une matiere antigenique. 

15. Microsphere suivant I'une quelconque des revendications 1 a 11 , qui comprend une matiere qui est detectable par 
un mode op6raioire d'imagerie biom6dicale. 

16. Composition pharmaceutique qui comprend une pluralite de microspheres suivant la revendication 12 ou la re- 
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vendication 13 et un support ou dituant pharmaceutiquement acceptable. 



17. Vaccin qui comprend une plurality de microspheres suivant la revendication 14 et un support ou diluant pharma- 
ceutiquement acceptable. 

5 

1B. Proc6d6 pour la production de microspheres ayant un diametre compris dans I'intervalle de 10 nm a 2 mm, com- 
prenant un polymere non hydrosoluble et un polymere hydrosoluble, precede qui comprend les etapes consistant : 

(a) a former une solution du polymere non hydrosoluble dans un premier solvant, ledit premier solvant etant 
10 egalement un sotvant pour le polyethyleneglycol mais non pour le polymere hydrosoluble ; 

(b) a former une solution d'un conjugue de polyethyleneglycol et dudit polymere hydrosoluble dans un second 
solvant, ledit second solvant etant non miscible audit premier solvant et etant un non -solvant pour le polymere 
non hydrosoluble ; 

(c) a m6langer les deux solutions formees dans les etapes (a) et (b) ci-dessus pour former une dispersion 
is dudit polymere non hydrosoluble ; et 

(d) a evaporer et/ou extraire ledit premier solvant pour former des microspheres comprenant un noyau dudit 
polymere non hydrosoluble et une couche de surface exterieure consistant essentiellement en ledit polymere 
hydrosoluble, ladite couche exterieure etant fixee de maniere non covalente au noyau par le groupement 
polyethyleneglycol. 

20 

19. Procede suivant la revendication 18, dans lequel I'evaporation partielle du premier solvant est effectuee par une 
reduction de pression. 

20. Procede suivant la revendication 18 ou la revendication 19, dans lequel le polymere non hydrosoluble est choisi 
25 entre un polystyrene, un polyacrytamide, un poiyurethanne et ses derives, une polyolefine, des polymeres de 

m6thacrylate non hydrosolubles, un polyamide et des copolymeres de polyamide facultativement avec un polymere 
d'oxyde de propylene. 

21. Proc6d6 suivant la revendication 18 ou la revendication 19, dans lequel le polymere non hydrosoluble est un 
30 polyester biodegradable ou resorbable tel qu'un polylactide, un polyglycolide, un copoly(lactide-co-glycolide), un 

poiyhydroxybutyrate, une polycaprotactone, un copolymere d'acide lactique et d'une lactone, un copolymere d'aci- 
de lactique et de PEG, un polyanhydride, un polyorthoester, une polyphosphazine, un copolymere d'hydroxybu- 
tyrate et d'hydroxyva legate, un polycarbonate d'ethylene), un copoly(ethylene-carbonate de propylene), un poly- 
mere de terephtalate d'ethylene, un polymere de cyanacrylate d'alkyle ou un melange de deux ou plus de deux 
d'entre eux. 

22. Procede suivant Tune quelconque des revendications 18 a 21, dans lequel le polymere hydrosoluble est une pro- 
teine, un polysaccharide ou un acide nucleique. 

23. Proc6de suivant I'une quelconque des revendications 18 a 22, dans lequel le polymere hydrosoluble est un poly- 
mere synth&ique. 

24. Proc6d6 suivant la revendication 23, dans lequel le polymere hydrosoluble est choisi entre des polyamido-amines, 
un polymere d'alcoo! vinylique, un polymere d'acide malique, des poly(a>-hydroxyalkyl)acrylates ou -methacrylates 
et des copolymeres contenant des motifs monomeriques a fonction hydroxyle ainsi que des poly(aminoacides) 
tels qu'un polyacide L-glutamique, un poly(L-glutamate de benzyle) et un polyacide L-aspartique. 

25. Procede suivant la revendication 22 ou la revendication 23 ; dans lequel le polysaccharide est choisi entre le dex- 
trane, le chitosane, la pectine, t'actde hyaluronique, la cellulose, I'amidon, le pullulane, t'inuline, I'heparine et un 
polymere synth6tique analogue a I'heparine. 

26. Procede suivant I'une quelconque des revendications 18 a 25, dans lequel le premier sotvant est choisi entre le 
dichlorom6thane, le chloroforme, le xylene et le dioxanne ou un melange des solvants avec l'ac6tone ou I'ac6tate 
d'ethyle. 

27. Proc6d6 suivant I'une quelconque des revendications 18 a 26, dans lequel le second solvant est I'eau. 

28. Procede suivant I'une quelconque des revendications 18 a 27, dans lequel le poids moleculaire du polyethylene- 
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glycol est compris dans I'intervalle de 300 a 100 000. 

29. Procede suivant I'une quelconque des revendications 22 a 28, dans lequet le poids moleculaire du polysaccharide 
est compris dans I'intervalle de 6000 a 200 000. 

30. Procede suivant I'une quelconque des revendications 18 a 29, dans lequel le premier solvant ou le second solvant 
ou bien ces deux solvants renferment un agent pharmaceutiquement actif a I'etat dissous ou disperse. 

31 . Utilisation d'un conjugue de polyethyleneglycol avec un polymere hydrosoluble pour la stabilisation de gouttelettes 
formees en dispersant une solution d'une matiere polymerique non hydrosoluble dans un liquide non miscible. 

32. Procede pour modifier les caract6ristiques de surface d'une matiere ou d'un dispositif comprenant un polymere 
non hydrosoluble, procede qui comprend la fixation a la surface de ladite matiere ou dudit dispositif d'un conjugue 
de polyethyleneglycol et d'un polymere hydrosoluble, dans lequel ledit conjugue est oriente de telle sorte que le 
polyethyleneglycol soit ancre a ladite surface et ledit polymere hydrosoluble forme pratiquement la totalite de la 
couche la plus exterieure. 
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